Abstract. The INPE sodium lidar was recently modified so as to enable measurements to be made of the Doppler temperature of the Na atoms in the atmospheric sodium layer. Measurements have been made on a total of 15 nights from July to October, 1998, providing temperature profiles between heights of about 83 and 105 km. Almost all measurements showed a mesopause temperature structure strongly perturbed by oscillations which appear to be caused by gravity waves and/or fides, with peaks in sodium density occurring at almost the same height as the temperature maxima on the bottom side of the sodium layer. The lowest temperatures, between 170 and 200 K, typically occur above 100 km, and the average profile for all our measurements is similar to the winter profile seen at midlatitudes, with a mesopause temperature of 190 K at 103 km.
Introduction
Over the past few years our knowledge of the temperature structure of the mesopause region has been greatly improved by lidar measurements of the Doppler temperature of metallic atoms of meteoric origin in the 80 -110 km region. Before the development of Doppler lidar, only rocket-based techniques provided profiles with good height resolution, limifing the measurements to a small number of specific experimental campaigns (see, for example, von Zahn and Meyer, 1989) . Although limb-scanning satellite measurements have the advantage of global coverage, they have limited height resolufion and, at least until recently, have not covered the upper part of the height range in question. The most extensive climatological data set available, from the SME satellite [Clancy and Rusch, 1989 ] has a height resolution of 4 km and does not extend beyond 92 km. The Doppler lidar technique, using scattering from sodium, iron or potassium atoms, has made it possible to make long-term measurements up to about 110 km with better than 1-km height resolufion, leading to a greatly improved knowledge of the climatology of this region of the Earth's atmosphere (see, for example, Yu and She, 1995) . On the basis of such observations it has been found that the temperature structure of this part of the atmosphere is significantly different to that previously accepted from rocket measurements. Extensive lidar measurements of the mesopause temperature structure have been made at mid-northem latitudes by a number of workers (Senfi et al., 1994; Yu and She, 1995; von Zahn and Hoffner, 1996; She and von Zahn, 1998) , but the only observations reported from low latitudes and from the southem hemisphere up till now are from a shipboard campaign by von Zahn et al. [1996] . In this paper we report the results of Doppler temperature measurements made at S•o Jos6 dos Campos (23 ø S, 46 ø W) between July and October, 1998.
Experimental technique
Although the measurement of the Doppler broadening of the hyperfine structure of the D2 sodium line was first demonstrated 20
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0094-8276/99/1999GL900342505.00 years ago by Gibson et al. [1979] , it is only during the past decade that the technique has been used to obtain routine measurements. Lidars designed for this sort of measurement normally use a rather sophisficated laser system to generate a single line output which is used to probe the hyperfine structure of sodium or other metal. This typically involves the use of a single-frequency CW ring laser followed by suitable pulsed amplifiers, with a total cost of around USS 400,000 (see, for example, the system used by She et al., 1992) . This high cost is, no doubt, the main reason for the small number of locations using the technique. To overcome the cost problem we decided to adopt a technique which, although less efficient, is very much cheaper. This technique, which has been described by Clemesha et al. [1997] , uses a fairly simple modification to the dye laser transmitter of a sodium lidar to produce a multi-line output consisting of a comb of narrow lines spaced by 1.98 pm. This spacing is exactly equal to the separation of the two groups of hyperfine lines in the sodium D2 line spectrum.. By changing the gas pressure in the FabryPerot interferometer which produces this line structure, it is possible to switch between a laser output where the lines exactly coincide in wavelength with the Na D2 hyperfine lines, and one where the central laser line is exactly equidistant from the D2 lines. Using an automatic pressure control system, it is possible to switch between the two wavelengths in a few seconds. have any substantial effect on the derived mesopause height. For this reason it is difficult to explain the large discrepancy between the SME and the lidar results. We have included in Figure 4 an average temperature profile derived from TOVS satellite infrared radiometer data for the same time period as our lidar data, and for locations within + 2 ø of our latitude and longitude. This profile only reaches 65 km, corresponding to the 0.1 mB TOVS level but, within this limitation, appears to be in agreement with our lidar measurements, in that a straight line, joining the lowest point on the lidar profile with the highest TOVS point, provides a plausible extrapolation of both sets of observations.
Wave Perturbations. As we have already mentioned, it is frequently observed that peaks in the vertical distribution of temperature are accomptmied by similar peaks in sodium concentration. As pointed out by other workers ( Bills and Gardner, 1993, lbr exmnpie), it is expected that wave-induced oscillations in temperature and density should be in the same phase on the botto•nside of the layer, and in anti-phase on the topside. The basic mason Ibr this is that whereas the sign of the temperature chm•ge induced by the quasiadiabatic vertical displacement of an air parcel depends only on the direction of the displacement, the sign of the sodium density change at a given height depends on the direction of the gradient in its mixing ratio. In an Eulerian fnune of reference, on the bottomside of the layer, the rapid increase in sodium mixing ratio with height causes small vertical displacements to produce large changes in Na concentration, with an upward displace•nent producing a decrease in concentration. Well above the sodium layer peak, the mixing ratio gradient reverses, so that an upward displacement results in an increase in mixing ratio. Since ,an upward displacement must always produce a decrease in temperature, the concentration and temperature variations should be positively correlated below the Na peak, and negatively correlated above the height where the mixing ratio gradient changes sign.
The temperature perturbations at a given height, resulting from the vertical displacement of an air parcel, should simply correspond to the adiabatic lapse rate, dT/dz = (1-y)T/Hy, where T is temperature, z height, H is the scale height and yis the ratio of specific heats, minus the unpertmbed background atmospheric temperature gradient. analysis.
Conclusions
The first lidar measurements of the mesopause temperature profile from a fixed low-latitude southem hemisphere location show a temperature structure similar to the winter profile for mid-latitudes. The average profile for 15 nights between July and October shows a mesopause temperature of 190 K at a height of 102.5 km. Between 83 km and 100 km the measured temperatures were typically 20 K warmer than predicted by the CIRA 86 standard atmosphere for the corresponding time period at our location. Our average profile is very similar to the December average for Fort Collins [She and von Zahn, 1998 ], a fact that supports the suggestion of these workers that between 23 ø S and 23 ø N the mesopause is probably always located at the "winter" level.
The observed mesopause temperature profile almost invariably shows strong wave-modulation, closely correlated with similar modulation of the sodium density. As expected, maxima in sodium density correspond to maxima in temperature on the bottomside of the layer, and there is a negative correlation between temperature and density perturbations at heights above 96 km.
